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Abstract 
The complex program simulating processes in the electron-beam sustained discharge laser (EBSL) is created. It 
simultaneously models processes of electron beams spread in electron accelerator, elements of a design and the flash chamber 
under influence electric and magnetic fields; processes of formation of spatial distribution of an electric field and a secondary 
electrons current in the flash chamber. The self-consistent interaction of accelerated electron beams with spatial distribution of an 
electric field in the flash chamber, generated by the impressed voltage and conductivity of the laser gas mix generated, in turn, by 
accelerated electron beams is taken into account. The program is realized on a personal computer and allows quickly changing 
parameters and elements properties of design EBSL. Spatial characteristics of the discharge are determined. Comparison with 
earlier published and experimental data has shown good conformity. One of the purposes of the given program is to change one-
dimensional thinking on spatial at designing complex electro physical devices. 
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1. Introduction 
Last years works on creation powerful electron-beam sustained discharge lasers (EBSL) were considerably 
reduced, as interests of scientists were distracted with set of other directions of researches which demand smaller 
financial expenses. For the period of researches EBSL, first of all on molecule CO2, the set of experimental and 
theoretical results which are unduly deserted though could be used for perfection of designs EBSL on other 
molecules, improvements of their characteristics and obtain of the results unattainable while other kinds of lasers 
has collected. Use of computer simulation enables to analyze earlier received experimental data with small 
expenses, to select the most successful variants and to offer more perfect designs EBSL. 
With an electron-beam sustained discharge it is possible to pump the active medium more, than with a self-
maintained discharge, and consequently to obtain more laser radiation. In spite of the fact that EBSL have developed 
still 30-40 years ago, their big power and relatively big efficiency are of interest till now [1]. Optimization of 
electrodes together with electric and magnetic fields can give increase of efficiency of EBSL 1,5 times. 
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Improvement of modeling techniques on the ɋɈ2 laser will enable to apply them to other laser mixes. 
2. Simulation 
We create the complex program “Dose_B”, which simultaneously models processes of electron beams spread in 
electron accelerator, elements of a design and the flash chamber under influence electric and magnetic fields; 
processes of formation of spatial distribution of an electric field and a secondary electrons current in the flash 
chamber. The self-consistent interaction of accelerated electron beams with spatial distribution of an electric field in 
the flash chamber, generated by the impressed voltage and conductivity of the laser gas mix generated, in turn, by 
accelerated electron beams is taken into account. The program is realized on a personal computer and allows quickly 
changing parameters and elements properties of design EBSL. 
In Fig. 1 the illustration of modeling process is shown. The electron beam accelerated in vacuum falls on a thin 
foil 1 under the angles determined by electron-optical system of the accelerator. Being spread in a material of a foil, 
the part of electrons is absorbed by a foil, the part is reflected back in vacuum, and the basic part passes through a 
foil and gets in gas medium 2. It fills in all space between elements of a design. Variants of electrons trajectories are 
shown in Fig. 1. Movement of electron is simulated both in gas, and in elements of a design (an anti streamer lattice, 
the anode, a foil) until it as a result of not elastic impacts will not lose the energy. Except for the initial kinetic 
energy received in the accelerator, electron beam, at movement in gas obtain additional energy from the electric 
field generated by a voltage impressed to electrodes and conductivity of the gas medium. Simulating of an electron 
trajectory is real stopped, if its energy became less than 3 % initial, and the rest of energy is absorbed in a point of a 
trajectory stop. At the movement electrons can collide with an anti streamer lattice 3, the anode 4, and also to come 
back to a foil 1, thus absorption and reflection of electrons by elements of a design is possible. 
 
 
Fig.1. Simulation of electron-beam sustained discharge laser.    1 – foil, 2 – gas, 3 –anti streamer lattice (1,3 - cathode), 4 - anode. 
For movement modeling of accelerated electrons we use a Monte Carlo method, allowing describing three-
dimensional movement in any medium. In a basis of this algorithm a method described in [2,3]. Electrons make 
elastic collisions with atoms of the spread medium. As a differential cross section of elastic collision we use 
Rutherford formula with shielding [2,3]. The amendment to parameter of shielding at electron energies more than 
30 keV is determined by formula Nigam [2,3]. For energies less than 30 keV we use approximation similar [4], thus 
we count, that the amendment to parameter of shielding does not depend on energy and is equal to the amendment 
determined by formula Nigam [2,3] for 30 keV. Such approximation was checked in [5] for oxygen, nitrogen, argon, 
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helium. It can be used, while electron energy will not decrease approximately up to 2 keV. The average ionization 
potential of atoms is determined by the tabulated data for small atomic number and Sternheimer formula [6] for 
atomic number more then 13. The account of an electron movement direction change in all not elastic impacts is 
carried out by means of Fano amendment [7]. Electron energy loss in not elastic collisions is taken into account on a 
method of continuous deceleration with use of formula Bethe [6]. Molecules we consider as a mix of independent 
atoms. Validity of it for electron energy more than 1 keV is shown in [5]. 
Energy and electron number, absorbed by designs elements and the gas medium during simulation, collect in 
memory of a computer together with coordinates for accumulation of the statistical data on spatial distribution of an 
electron beam absorption by these elements and the gas medium. The density of the absorbed power of an electron 
beam and the mean value of ionization energy of gas determine the ionization rate q of gas in unit of volume. 
The dominant mechanism of electron loss in plasma is dissociative recombination and attachment. Dependence 
of rate constants of these processes from electric intensity is taken from work [8] where it has been obtained for mix 
CO2:N2:He=1:5:4. 
Using the data for rate constants of dissociative recombination and attachment, solving the stationary balance 
equation for the densities of charged particles, we find density of secondary electrons ne in electron beam plasma as 
in work [8]. 
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 where Į – dissociative recombination rate constant, ȕ – attachment rate constant, q – rate of secondary electrons 
production in unit of volume. 
The electron number calculation during simulation, absorbed in unit of gas volume, and a current of an electron 
beam enable us to determine rate of a spatial charge accumulation in unit of volume =-e Q, where e - the value of 
electron charge, Q – the rate accumulation of electrons in unit of volume. 
For definition of conductivity ı of electron beam plasma it is used the electron concentration ne (1) received as a 
result of our electron spread modeling and the data on drift speed v(E) [9]. 
Electron beam plasma conductivity ı enables us, using the continuity equation for a charge and a potential 
difference between the cathode and the anode, to determine distribution of potential ϕ  and distribution of an 
electric field E. 
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The solution of this equation is carried out by a relaxation method [10]. Simulation of movement of an electron 
trajectory alternates with unitary run on all counting cells on a relaxation method. As a result of modeling a plenty 
of electron trajectories a plenty of runs of a relaxation method is collected also. During accumulation of statistics it 
is supervised discrepancy of an electric potential on which we determine accuracy of the solution. On discrepancy 
value it is judged, whether enough the given statistics or to continue tests. 
3. Testing of the program 
Testing the given model of electron beam passage through various medium is carried out. For initial electron 
energy 30 keV comparison of an electron beam reflection coefficient from half-space, filled by air, on energy and 
number of the particles described in [4] also is carried out in [5]. The error of an electron beam reflection coefficient 
from half-space did not exceed 3 %. For electron energy from 100 keV up to 300 keV comparisons of reflection, 
absorption and passage coefficients of electron beams on energy through thin a foil of aluminium and the titan 
calculated under our program and the data [11] is carried out. The relative error of reflection coefficient did not 
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exceed 20 % in all an energy range and foil thickness (from 12 microns up to 50 microns). The similar value of a 
relative error for absorption coefficient did not exceed 3 %. The relative error of passage coefficient did not exceed 
1,5 %. The error of experimental data used in [11] made 3 %. The big relative error of the reflection coefficient than 
at other coefficients is connected by that its value is less on the order than at other coefficients. 
For definition of the absorbed power of an electron beam in unit of gas volume the knowledge of a part of the 
accelerator current which has fallen on a foil is necessary. Such electrons, which fell on a foil, we consider in our 
simulation. In real accelerators the significant part of an electron beam falls on walls of the accelerator, instead of on 
an output window (on a foil). Therefore only the part of a full current of the accelerator participates in ionization of 
gas. In cases when this part is known, we take into account it in simulation. 
In our experimental installation the accelerator with thermocathode as the tense tungsten strings, having 
significant beam divergence of directions of electron movement was used. The degree of its influence on ionization 
of gas was characterized by value of the electron beam current which has reached the anode of the flash chamber. 
This value was determined with the help of Rogovski belt [12] on the anode of the flash chamber at a zero potential 
difference on electrodes of the flash chamber. 
For modeling it is necessary to know a current of an electron beam fallen on a foil. We, using modeling in real 
geometry of experimental installation, at first determine the ratio of a current up to a foil to a current on the anode of 
the flash chamber. For our experimental installation, for example for an accelerating voltage 300 kV this ratio is 
equal 2,65. I.e. for a current on the anode of the flash chamber 5,23 A, the current falling on a foil is equal 13,86 A. 
For the further calculations value of the current, falling on a foil, fixed in memory of a computer. It is connected by 
that at the further work of installation when on it the discharge voltage will be applied, the current of the discharge 
will considerably exceed a current of an electron beam and to measure it begins impossible. Besides at presence of a 
voltage on electrodes of a discharge gap distribution of an electron beam will differ from distribution at absence of a 
voltage on electrodes. With this purpose before carrying out of experiment and at our simulation the electron beam 
current falling on a foil is determined and fixed. Duration of an electron beam current made 45 ȝs. 
The basic electron-beam sustained discharge is powered from the condensers battery. The voltage of that 
discharge was measured by a resistance-capacitance divider. During the discharge the voltage on capacities 
decreased, and, hence, and the voltage on electrodes of a discharge gap decreased too. For example, at an initial 
voltage 105 kV at the end of a pulse the voltage on electrodes is equal 75 kV. Therefore during our simulation on 
the basis of the calculated spatial distributions of conductivity and intensity of an electric field in space of the flash 
chamber deposition power P(U) of the basic discharge was determined depending on a voltage on electrodes. 
Reduction of a voltage on condensers battery during a pulse was determined from the equation: 
 
)(UP
dt
dUCU −= ,   (4) 
 
where C=8,3 ȝF – capacity of condensers battery. 
Further dependence P(U) was integrated on time of a pulse with taking into account of the discharge of 
condensers battery. In result we had the value of energy deposition in the discharge for a pulse as function of an 
initial voltage of the condensers battery U0. 
The result of the done work for mix CO2:N2:He=1:5:4 is shown in Fig. 2, where are submitted calculated (a 
continuous line) and experimental (daggers) dependences of deposition energy from an initial voltage of the 
condensers battery. Initial energy of electron beam electrons is equal 300 keV, the beam current falling on a foil is 
equal 13,86 A. 
Experimental values of deposition energy W were determined under the formula:  
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 where U0, Uf  are the measured initial and final voltages of the condensers battery. 
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Fig. 2. Simulated (continuous line) and experimental (daggers) dependences of deposition energy from an initial voltage of the condensers 
battery. 
The contribution to an error of deposition energy from errors of distribution of an electron beam is estimated no 
more than 3 % from the maximal value. The basic errors of calculation are formed due to errors of rates of 
attachment, dissociative recombination and also drift speeds. Experimental values of deposition energy are 
determined with accuracy of 15 %. Nevertheless, the simulation values well enough correspond to experimental 
values, that is the used model well describes researched physical processes. 
4. Results of simulation 
As a result of simulation we may obtain a set of spatial characteristics: distribution of spatial power deposition in 
active laser medium, distribution of spatial loss of electron beam power, distribution of spatial loss of electron beam 
number of electrons, spatial distribution of secondary electrons (electrons of plasma), spatial distribution of electric 
field intensity and potential, magnetic fields intensity and some other values. 
As an example in Fig. 3-6 are submitted results obtained at the following values of parameters. On Fig. 3-6 we 
see the right symmetric half of the corresponding spatial distributions as topograms. Geometry corresponds to 
Fig. 1. 
The accelerator: initial energy of electron beam electrons is equal 300 keV; the current falling on a foil is equal 
13,86 A; output window width is equal 25 cm; foil (30 ȝ Al+18 ȝ Ti). 
Flash chamber. Distance accelerators output window - anti streamer lattice is equal 9 cm. Anti streamer lattice is 
a set of 28 stainless steel tubes of diameter 0,8 cm with step 2,5 cm. Distance accelerators output window - copper 
anode is equal 30 cm. Width of a flat part of the anode is equal 40 cm. Radius of a rounding off of the anode is equal 
15 cm. 
Depth (size of all elements along optical axis) is equal 70 cm. 
On Fig. 3-6 center of anode corresponds to x=0 and surface of foil corresponds to z=0. 
On Fig. 3 the spatial distribution of pumping power per volume unit is submitted in units of maximum value for 
cathode-anode voltage 105 kV. On Fig. 4 the same is submitted for voltage 70kV. In the middle of the chamber we 
find same difference in the distributions due to the difference in impressed voltages. 
On Fig. 5 the spatial distribution of electron beam power loss per volume unit is submitted in relative units for 
absence of the cathode-anode voltage. On Fig. 6 the spatial distribution of electron beam power loss per volume unit 
is submitted in the same units for cathode-anode voltage 105 kV. The loss in the discharge chamber at 105 kV is less 
on 7-8 %, than loss at absence of a voltage on the discharge chamber. It is caused by that the more electron energy, 
the less its cross-sections of interaction with spread medium. 
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Fig. 3. The spatial distribution of pumping power per volume unit in 
units of maximum value for impressed cathode-anode voltage 105 kV. 
Solid line above shows output window of accelerator. 
Fig. 4. The spatial distribution of pumping power per volume unit in 
units of maximum value for impressed cathode-anode voltage 70 kV. 
Solid line above shows output window of accelerator. 
  
Fig. 5. The spatial distribution of electron beam power per volume unit 
in relative units for impressed cathode-anode voltage 105 kV. Solid 
line above shows output window of accelerator. 
Fig. 6. The spatial distribution of electron beam power per volume 
unit in units of Fig. 5 for absence impressed cathode-anode voltage. 
Solid line above shows output window of accelerator. 
5. Conclusion 
The simulation program can be used for modeling electron beam sustained discharge lasers in any other laser 
mixes and geometries which can be approximated two-dimensional models. For this purpose in the program 
convenient input of parameters of used substances is made on the basis of the periodic table and the sizes of 
geometrical objects. In a case use of other mixes it is necessary to replace the equation of formation of secondary 
electrons density on the basis of their balance equation: creations and loses. It is necessary to add dependence of 
electron drift speed from intensity of an electric field in a corresponding mix. 
The purpose of the given program is to change one-dimensional thinking on spatial at designing complex electro 
physical devices. The program is intended for research of spatial characteristics of the electron beam sustained 
discharge. 
The more complex kinetic equations for definition of plasmas electrons density should to be used for improve 
this simulation. 
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